The effects of macroraolecular crowding were tested on several reactions catalyzed by T4 RNA llgase. The rate of cycllzation of oligoriboadenylates was stimulated up to 10-fold by relatively high concentrations of several polymers (polyethylene glycol (PEG) 8000 or 20,000; bovine plasma albumin; Ficoll 70). In addition, higher concentrations of PEG 8000 or PEG 20,000 allowed the novel formation of large linear products from the oligoriboadenylates. Also stimulated by high concentrations of PEG 8000 were the rate at which T4 RNA ligase joined p(dT)io to oligoriboadenylates and the rate at which the enzyme activated p(dT) n by transfer of an adenylyl raolety from ATP to the oligonucleotides. These results with T4 RNA llgase are compared to earlier studies on the effects of crowding on DNA llgases.
INTRODUCTION
Previous studies of DNA llgases indicated striking changes in the enzymatic ligation of duplex segments of DNA in the presence of high concentrations of nonspecific polymer9 (1,2). We here extend those studies of raacromolecular crowding to the RNA ligase produced in Escherichla coll upon Infection with T4 bacterlophage (3). T4 RNA ligase uses a broad spectrum of polyribo-and polydeoxyrlbonucleotides of a wide range of sizes as substrates. The most rapid reactions demonstrated with this enzyme involve cycllzatlon or oligomerization of relatively short single-stranded ollgoribonucleotides. Rates of ligation of these materials are highly dependent upon their chain length; the most rapid reactions occur with substrates that are ca. 10 to 40 nucleotides in length (3, 4) .
While typically such substrates yield circular products, linear aggregates can be formed If the oligoribonucleotides are either too short to cyclize or lack one of the teraini needed for self-ligatlon, the missing terminus then being provided by a second species of oligomer. Oligodeoxyrlbonucleotldes and DNA are also substrates for T4 RNA llgase. However, only exceedingly slow reactions have been observed for the Joining between two oligodeoxyribonucleotldes due to the limited rate at which the enzyme uses Ci/mmol (3). 3? Subfractlons were isolated from P-(rA)g_gQ on polyacrylamlde gels (1.5 mm thickness vertical slab gels formulated as below). After electrophoresls (400 volts; Model SE apparatus, Hoefer Scientific) the gels were frozen and thawed twice and the appropriate segaents cut from the gel. The gel pieces were crushed between two glass microscope slides and the pulverized residues were extracted for one day at room temperature In 0.5 ml of 0.3 M ammonium acetate, 0.1 mM EDTA with occasional mixing. After centrlfugatlon, the supernatant fluids were dialyzed against deionlzed water and finally lyophilized before use. Over 70Z of the radioactivity applied to the gel was relsolated by this procedure.
RNA llgaae assays. Unless otherwise specified, T4 RNA ligase was assayed 
RESULTS
We will consider in turn the effects of concentrated polymer solutions on the ability of T4 RNA ligase to ligate oligoribonucleotides, oligodeoxyribonucleotides, and then mixtures of these two classes of materials. 
Ligation of Oligorlboadenylatea
The routine substrates used to assay the effects of macromolecular crowding on T4 RNA ligase were two partial enzymatic digests of poly(rA) with overlapping distributions of chain lengths. The heterogeneity in chain lengths in each of these digests facilitated a survey over a wide range of substrate sizes. The 5'-terralnl of the chains within each digest were labeled with ^2p_
In the following, these digests will be referred to as (rA)<)_&o and (rA)4o_5oo to indicate the approximate ranges of chain lengths which contribute significant amounts of radioactivity. For characterisation of the products of the reactions, subtractions of these labeled digests were isolated on polyacrylamide gels and used as substrates for the ligase. Product formation from any of these substrates was assayed both by formation of labeled species with altered electrophoretic mobilities and by appearance of labeled material that was resistant to dephosphorylation by E. coll alkaline phosphatase. 
